We have developed an approach for the in situ detection of genomic elements that regulate transcription zin Drosophila melanogaster. The approach is analogous to a powerful method of bacterial genetics, the random generation of operon fusions, that enables the isolation and characterization of genes simply by knowing or postulating their pattern of expression; it is not necessary initially to screen for mutant phenotypes. To apply this approach to Drosophila, we have used the expression of the lacZ gene ofEscherichia coli from the P-element promoter in germ-line transformant flies to screen for chromosomal elements that can act at a' distance to stimulate expression from this apparently weak promoter. Of 49 transformed fly lines obtained, =70% show some type of spatially regulated expression of the lacZ gene in embryos; many of these express lacZ specifically in the nervous system. The P-lacZ fusion gene is, therefore, an efficient tool for the recovery of elements that may regulate gene expression in Drosophila and for the generation of a wide variety of celltype-speciflic markers.
spatially regulated expression of the lacZ gene in embryos; many of these express lacZ specifically in the nervous system. The P-lacZ fusion gene is, therefore, an efficient tool for the recovery of elements that may regulate gene expression in Drosophila and for the generation of a wide variety of celltype-speciflic markers.
The random generation of operon fusions in prokaryotes involves integrating a promoterless reporter gene, whose expression can easily be detected and assayed at many different positions in a target genome, so that it comes under the control of a random selection of chromosomal promoters (e.g., ref. 1 and 2) . This approach enables the isolation and characterization of genes, simply by knowing or postulating their pattern of expression, it is not necessary initially to screen for mutant phenotypes. In eukaryotes, however, for the efficient expression of the reporter gene, not only would an active promoter be required, but the reporter gene would normally have to be the first gene in the fusion transcript. We, therefore, decided to consider a different approach to the development of an analogous tool in eukaryotes.
Position effects, i.e., dependence of expression levels on the genomic position of an integrated gene, have frequently been reported in eukaryotes (e.g., ref. 3) . This sensitivity of promoter activity to adjacent genomic sequences suggested to us that a suitable detection system would allow us to detect genomic elements that could regulate transcription at a distance. We, therefore, chose to express a reporter gene (in this case the lacZ gene of Escherichia coli, which codes for P-galactosidase) from a weak promoter and to integrate this promoter fusion by P-element transformation into the Drosophila genome. Thus, an increase in expression of the reporter gene should reflect the activity of nearby enhancerlike elements in the genome that can act at a distance on the weak promoter.
In this work we report the results obtained using a fusion of lacZ to the P-element promoter. By staining embryos from fly lines transformed with the P-lacZ fusion gene for /3-galactosidase activity, we can visualize many cell-type-and tissue-specific patterns oflacZ expression. The P-lacZ fusion is, therefore, an efficient tool for the detection of elements that regulate gene expression in Drosophila and for the generation of a wide variety of cell-type markers. The range of molecular and genetic approaches that can be applied to Drosophila facilitates the subsequent isolation and characterization ofthe fly genes that may also be associated with the regulatory elements recovered.
MATERIALS AND METHODS
DNA Manipulations. DNA manipulations were performed essentially as described (4) . Restriction enzymes, DNA polymerase I, and T4 DNA ligase were obtained from Biofinex (Praroman, Switzerland). Calf intestinal alkaline phosphatase and DNase I were obtained from Boehringer Mannheim. For cloning steps, a high yield of linearized partially EcoRI-digested vector was obtained by digestion in the presence of ethidium bromide (5) followed by agarose gel isolation of the linear digestion product. In situ hybridization of the biotinylated plasmid pLacA92 to polytene chromosomes was performed as described (6). 5-Biotin (19)-2'-deoxyuridine 5'-triphosphate was obtained from Calbiochem (Luzern, Switzerland). Detek I-hrp (Enzo Biochemicals, New York), a complex of streptavidin and biotinylated horseradish peroxidase, was used for detection of hybridized probe.
Germ-Line Transformation. ry5-6 (ORM) embryos (3) 0-90 min of age were injected as described (7) with a DNA solution containing pLacA92 (300 pug/ml) and pfr25.7wc (100 gg/ml) (8) . P-Galactosidase Localization. /-Galactosidase localization in embryos was performed as described (3) 
RESULTS AND DISCUSSION
We hypothesized that the promoter used to express lacZ on the P element should have three properties. First, it should be relatively weak, so that an increase in its activity in some or all cells can easily be detected. Second, it should be active 9123
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in accordance with 18 U.S.C. §1734 solely to indicate this fact. originally from pSKS106 (11) , and its insertion as an EcoRI fragment into the polylinker of Carnegie 20 should result in an in-frame translational fusion to the second exon of the P element. The end of the lacZ gene on the 3' side of the Sac I site is derived originally from pUR288 (12 Third, it should lie at one end of the P element, so that it can be relatively exposed to the influence of enhancers on at least one side of the integration site.
A promoter that appeared to fulfill these criteria was the P-element promoter itself, whose main transcription start site is 87 base pairs from the 5' end of the element (8 9126 Genetics: O'Kane and Gehring of E. coli f3-galactosidase staining in these embryos were apparently below the limit of detection with 5-bromo-4-chloro-3-indolyl j3-D-galactoside under the conditions used, and these pools were not analyzed further. The other 80%o
(31/39) of G2 pools gave rise to mixtures of lac+ and lac embryos. The lac' embryos had many different spatial patterns of lacZ expression (Fig. 2) , and some pools obviously contained several patterns. The lac-embryos were expected because of the presence of ry flies and ry+ heterozygotes in the G2 pools. Several individual G2 flies from each of the 31 pools were used to breed stocks homozygous for each P[lac,ry']A insertion (or balanced heterozygous stocks if the chromosome carrying the insertion was homozygous lethal). In all, 49 different insertion strains with different patterns of lacZ expression were bred from these individuals. Evidently, multiple insertions had occurred in many injected Go embryos. Of the 49 lines, 12 expressed lacZ in all or most of the embryo, and 37 clearly showed some sort of spatially regulated expression of lacZ.
Some examples of the patterns recovered are shown in Fig.  2 . Twenty-three strains expressed lacZ specifically in either the central or peripheral nervous system. Seven of these strains expressed lacZ in all or most of the central nervous system (e.g., Fig. 2 e and f); 13 showed expression in distinctive subsets of cells in the central nervous system (e.g., Fig. 2 g and h) ; and at least 8 showed expression in the thoracic and abdominal peripheral nervous system (e.g., Fig.   2t ). These will be described in more detail elsewhere. Thirteen strains expressed lacZ specifically in some part of the gut. These included strains that expressed the enzyme specifically in the pharynx, proventriculus, midgut, or hindgut (e.g., Fig. 2 ). Other sites of lacZ expression found included the epidermis (Fig. 2 c, d, andj) , malpighian tubules, muscles, and amnioserosa (data not shown).
At least four strains expressed lacZ initially in a twosegment periodicity (e.g., Fig. 2 g and h) . The frequency of such insertions, and the fact that none of them mapped to locations of known pair-rule or segment-polarity mutations (refs. 17-19 , and data not shown) suggest that most of these patterns are a consequence of the segmentation process and not due to cis-acting control elements of neighboring segmentation genes. In this model most of these patterns would be markers for early differentiation events within each segment that are controlled directly or indirectly by the segmentation genes.
Ten out of 49 insertions (20o) were homozygous lethal. Four of these insertions expressed lacZ in all or most of the embryo; 6 expressed it in a clear spatially regulated manner. Hence, in most cases, the P-lacZ fusion can come under the control of Drosophila expression elements without causing major disruption to the structure or expression of an adjacent essential gene. Other workers have reported a preference of P elements for genomic targets in promoter regions, and some such insertions appear to alter the level or pattern of expression of the downstream transcript without abolishing it (20, 21) . Thus, many P insertions near promoters and in intergenic regions may bring the P-lacZ fusion under the control of at least some of the elements regulating expression of one or more adjacent Drosophila genes without giving a lethal phenotype.
We expect the expression elements that we detect to be enhancer-like elements that can act at a distance on the P promoter. It may be possible in some cases that there is transcriptional readthrough from Drosophila sequences into the P element and that the ATG initiation codon of the P-lacZ fusion gene is fortuitously the first ATG codon capable of initiating translation. In such cases the fusion gene would be expressed from a Drosophila promoter rather than from the P promoter, though it is difficult to envisage this situation occurring very frequently.
Our results suggest that expression of the P promoter is very dependent on sequences adjacent to the integration site. In light of this, it is not surprising that restriction of transposase expression to the germ line is regulated posttranscriptionally, at the level of RNA splicing (22, 23) .
An important question to be asked is whether there are Drosophila genes adjacent to the P[lac,ry']A insertions that are also regulated by the elements specifying the expression patterns of the P-lacZ fusion gene. In at least some cases we might expect to find a nearby transcript with a similar expression pattern to that of the P[lac,ry']A insertion.
The dominant ry+ marker on the P[lac,ry+]A element also allows a genetic approach to finding adjacent genes that may be necessary for normal functioning of the cells that express lacZ. If insertion stocks are treated with a mutagen that generates deletions (e.g., x-rays), ry-revertants that may also have neighboring genes deleted can be recovered in one generation.
We have shown that the P[lac,ry+]A transposon is, at the very least, an efficient tool for the generation of specific cell markers. These markers should be useful for a variety of genetic and developmental studies on the marked cells. If the patterns recovered also reflect the expression patterns of adjacent Drosophila genes, P[lac,ry+]A should also be very useful for the recovery of genes that are important for the functioning of particular cell-types. In particular, it should facilitate dissection of the Drosophila nervous system at the morphological, genetic, and molecular levels. In principle, the system should also be applicable to other eukaryotic organisms.
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